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In order  to provide  adequate  medical  assistance  to neonates,  the  extent  of vitality  impair-
ment has to be investigated  through  complementary  exams,  as  well  as clinical  assessment.
This investigation  aimed  to identify  the  physiological  changes  that  occur  during  neonatal
adaptation  and  to  develop  a clinical  approach  that can  be  performed  during  the  ﬁrst  hour
of life  in  neonatal  lambs  born  through  vaginal  eutocic  labor.  The  neonatal  vitality  of  14
Santa  Ines  lambs  was  veriﬁed  using  the  Apgar  system  and  rectal  temperature  at birth  and
after  5 and  60  min  after  birth.  From  the  total  number  of  neonates,  7  lambs  were  randomly
selected  for  blood  gas  analysis  and  glucose  immediately  at birth  and  1 h  after  birth.  The
lambs  had  hypoglycemia  immediately  after  birth,  as  well  as acidosis  due  to  metabolic  and
respiratory  causes.  Given  their hypoxemia  at birth,  lambs  immediately  exhibit  tachycardia
and tachypnea.  However,  neonatal  lambs  reached  Apgar  score  superior  than  7 after  5 min
of birth.  Ovine  neonates  are  relatively  mature  at birth,  with  adequate  thermoregulation  and
active  mechanisms  to  compensate  for physiological  acid–base  imbalances.  In conclusion,
a systematic  clinical  examination  of  newborn  sheep  should  include  the  implementation
of  the  Apgar  score  coupled  with  the  conﬁrmation  of  any  acid–base  imbalances.  Further
research  should  evaluate  neonatal  adaptation  to this  critical  period  over  a  longer  period  of
time.
 . Introduction
The neonatal period demands extreme physiological,
orphological, and behavioral changes to permit a success-
ul adaptation to the extra-uterine environment. Hence,
eonates are particularly vulnerable to disease and mor-
ality, especially during the ﬁrst week of life. The ovine
eonatal mortality rate exceeds 15% and represents a chal-
enge to small ruminant production (Dwyer and Morgan,
006). Moreover, with the advance of new assisted repro-
uction techniques, newborns have become valuable to
vine industry and represent economical gain. Hence,
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efforts on Veterinary Neonatology are fundamental to
avoid neonatal losses. Therefore, the clinical follow-up
of newborn lambs may  allow for the early diagnosis of
neonatal adaptation failure and the establishment of cor-
rective procedures to avoid a lethal outcome, such as
acid–base imbalance adjustment, accomplish of thermal
and metabolic homeostasis and overall well-being control.
A clinical examination of a ruminant neonate frequently
includes observing the amount of time that has passed
before a sternal recumbency or standing position has been
achieved and suckling begins. However, it is possible to
improve the evaluation of neonatal viability by using the
Apgar score, which analyzes the main vital functions dur-
ing the initial minutes of life and leads to preventive or
Open access under the Elsevier OA license.corrective procedures (Hübner and Juarez, 2002). In 1952,
Virginia Apgar proposed a clinical assessment of newborn
children based on the evaluation of ﬁve criteria: skin color,
pulse rate, reﬂex irritability, muscle tone, and breathing
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(frequency and effort). For each parameter, a scale from
0 to 2 was attributed, thus summarizing the Apgar score
ranging from 0 to 10. Yeomans et al. (1985) asserted
that the Apgar score helps to distinguish between healthy
and severely compromised neonates. In the neonatal foal,
scores between 3 and 6 suggest an immediate resuscita-
tion approach (Lester et al., 2009). The ideal Apgar score
for healthy puppies is considered to be above 7 (Moon
et al., 2000). However, no scientiﬁc report regarding the
use of the Apgar score as a diagnostic tool for ovine neona-
tal vitality has been performed. Furthermore, in veterinary
medicine, few surveys have proposed the use of this eval-
uation as it is performed in humans.
Neonatal survival is inwardly related to thermogene-
sis, due to the signiﬁcant reduction in body temperature
that occurs as a result of the passage from the warm uter-
ine environment to the external environment (Nowak and
Poindron, 2006). At birth, the control of body tempera-
ture in lambs fundamentally depends on heat production
through brown adipose oxidation that is mediated by the
uncoupling protein (UCP) and endocrine factors (Cannon
and Nedergaard, 1985; Clarke et al., 1997a). The rectal tem-
perature during the ﬁrst hour of life varies according to the
ambient temperature (Clarke et al., 1997b), the weight at
birth, and the number of neonates per litter (Dwyer and
Morgan, 2006).
The neonatal period represents an adaptive phase, dur-
ing which blood glucose homeostasis must occur. During
pregnancy, the neonate is completely dependent on mater-
nal glucose. During the neonatal period, insulin is the main
control hormone (Cowett and Farrag, 1998). Neverthe-
less, the exact mechanisms of neonatal glycaemic control
are not fully understood (Cowett et al., 1983). Thus, the
balance between the ingestion, endogenous production,
and metabolism of glucose is imprecise and may  result in
hyper- or hypoglycemia during the neonatal period. Hypo-
glycemia is the main cause of neonatal mortality, especially
in adverse circumstances, because a rapid decrease in the
neonate’s energy reserves can lead to acute hypothermia
and death (Nowak and Poindron, 2006).
The uterine contractions that occur during labor pro-
mote the compression of the uterine artery and umbilical
cord, leading to a drastic decrease in placental and umbil-
ical blood ﬂow (Siristatidis et al., 2003). A rapid period of
asphyxia occurs during normal labor, even though the pres-
ence of transitory hypercapnia and acidemia can be veriﬁed
in the newborn (Massip, 1980). After delivery, hypoxia
persists, mainly due to inadequate gas exchange as a con-
sequence of lung or respiratory center immaturity (Bleul
et al., 2007). Delayed respiration and metabolic acidosis are
associated with neonatal morbidity and mortality (Andres
et al., 1999). In human neonatology, the blood pH, pO2,
and pCO2 are common indices for the degree of acido-
sis. The measurement of metabolic factors, such as base
excess (BE) and bicarbonate, enables the identiﬁcation of
neonates with a high risk for developing complications
from intra-uterine asphyxia (Andres et al., 1999). More-
over, these conditions can predict the need for intensive
care and immediate correction of the acid–base imbalance
(Siristatidis et al., 2003). However, laboratory examina-
tions are uncommon in ruminant neonatology and areResearch 108 (2012) 107– 112
required only when maternal complications arise during
labor.
The aims of this investigation were to identify the physi-
ological changes that occur during neonatal adaptation and
to develop a clinical approach that can be performed during
the ﬁrst hour of life in neonatal lambs born through vaginal
eutocic labor.
2. Materials and methods
In this study, we used 11 Santa Ines ewes that were clinically healthy
and  raised in an intensive system. From these ewes, 14 lambs were born
and used for this experiment. The ewes were between 1 and 5 years of age,
with only one nulliparous female. The diet was based on hay and mineral
supplementation, and water was provided ad libitum.
All  of the females were pregnant by natural estrus and mating, and
the mating was  performed with the same male. The mated sheep were
identiﬁed by the marking from the ram. The marking day was  considered
to be the ﬁrst day of pregnancy, from which it was possible to predict the
likely delivery date.
2.1. Maternal analysis
This study was conducted during the period between September and
November, i.e., months of spring and summer, with an ambient temper-
ature around 20–25 ◦C. Ewes were housed separately in straw-bedded
lambing stables (4 m × 3.2 m)  48 h prior to the expected whelping date.
The birth was  assisted from the prodromal phase to the complete expul-
sion of the placenta. In order to evaluate the inﬂuence of maternal glucose
within the neonatal glucose proﬁle, maternal assistance consisted of mea-
suring blood glucose during the following periods:
• Pre-labor: the period within the 48 h prior to the rupture of the amniotic
sac. This period is also considered to be the preparatory phase of lambing
and  is characterized by obvious abdominal discomfort, an elevated tail,
constant cycles of urination, defecation, and the elimination of vaginal
mucus.
• Intra-labor: the period from the rupture of the allantois to complete
fetal expulsion. Maternal evaluations were performed at a random time
during this period.
• Post-labor: up to approximately 20 min  after fetal expulsion.
• One hour after labor: 1 h after the previous evaluation (post-labor).
Blood samples were collected after asepsis by puncturing the right or
left jugular vein and immediately subjected to glucometry (Accu-Chek®).
2.2.  Neonatal analysis
The neonatal vitality was veriﬁed using the Apgar system (Table 1) at
the following times:
• At  birth (0): immediately after the expulsion of the lamb.
• At  ﬁve minutes (5): 5 min  after the previous evaluation (at birth).
• At  sixty minutes (60): 60 min after the birth evaluation.
During physical examination, lambs were maintained with the ewes,
which permitted adequate mothering. In order to prevent neonatal stress,
minimal interference on mother–young interaction was attempted. To
establish the Apgar score, we evaluated the heart and the respiratory rates
and effort. Furthermore, the muscle tone of each neonate was  evaluated
mainly by observing the lamb’s ability to maintain a sternal recumbency
position; their head movements were also evaluated. An irritability reﬂex
was  estimated from the neonate’s responsiveness to manipulation dur-
ing  the examination. Finally, the colors of the mucous membranes of the
eyes  and gums were inspected to verify the presence of pallor or cyanosis
(Table 1).
Furthermore, the lambs were evaluated for their rectal temperatures
(at  the same time that the Apgar assessment was performed) and blood
glucose levels at birth and 1 h after delivery. Blood samples were collected
after asepsis by puncturing the right or left jugular vein and immediately
subjected to glucometry (Accu-Chek®).
From the total number of neonates (n = 14), 7 lambs were randomly
selected for blood gas analysis immediately at birth and 1 h after birth.
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Table 1
Apgar scores for evaluating neonatal vitality.a
Variables Values
0 1 2
Heart rate Absent Bradycardia/irregular Normal/regular
Respiratory rate and effort Absent Irregular Regular
Muscle tone Flaccidity Some ﬂexion Flexion
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a Each of the 5 variables is rated using scores of 0, 1, or 2, and the ﬁnal s
or  this purpose, arterial blood samples were collected by femoral artery
uncture with syringes that had been previously heparinized. After col-
ection, the blood was immediately inserted at the gas i-STAT (Abbott®)
easurement apparatus to evaluate the following parameters: pH, pCO2,
O2, bicarbonate (HCO3−), BE, TCO2, sO2, anion gap, hematocrit (PVC),
emoglobin (Hb), Na+, K+, iCa2+, Cl− , and blood urea nitrogen (BUN).
All of the data were evaluated using SAS® . The effect of birth type
single or twin), gender of the lamb and the evaluation time (0, 5, and
0  min) was estimated using PROC GLM. Since no effect of birth type
nd gender were observed, these effects were removed from the statisti-
al model. The differences between the treatments were analyzed using
arametric (the GLM procedure for each factor separately or LSD when
ombining factors) and non-parametric (Wilcoxon) tests, according to
he residual normality (Gaussian distribution) and variance homogeneity.
henever necessary, the data were transformed to obey these statistical
ssumptions. The differences between time were analyzed using PROC
PAR1WAY for the parametric variance analysis and veriﬁed by the LSD
est  for multiple comparisons. The classiﬁcation variable was  the eval-
ation time. The results are described as the untransformed means and
tandard deviations (X ± SD). Statistical differences between the classiﬁ-
ation variables for a certain response variable were considered to have
ccurred if P < 0.05.
. Results
.1. Maternal ﬁndings
The maternal blood glucose reached its highest level
mmediately after labor and was statistically different from
he measurement performed during parturition (Table 2).
here was no statistical difference between the intra-labor
lycemia and the glycemia 1 h after labor. Moreover, hyper-
lycemia (superior to 81 mg/dL; for pregnant ewes) was
iagnosed from the intra-labor glycemia until 1 h after fetal
xpulsion (post-labor).
.2. Neonatal ﬁndings
No statistical change in glycemia was observed between
 and 60 min  after birth (Table 2). However, the neona-
al lambs were hypoglycemic immediately after birth and
ormoglycemic after 60 min, considering normal reference
anges for pregnant ewes (Gardner et al., 2003).
The Apgar score was signiﬁcantly lower at birth than
fter 5 and 60 min. However, all of the neonates developed
pgar scores above 7 soon after 5 min  of life. After 60 min,
he Apgar score was statistically higher than the Apgar
cores at birth and at 5 min  after birth (Table 3). As demon-
trated in Table 3, during the ﬁrst hour of life, the lambs
xhibited tachycardia and tachypnea (120–160 bpm and
0–70 mpm,  respectively, as reference ranges for lambs;
erra, 2009). There were no statistical differences in the
espiratory rates at the various time points. Moreover, theSome movement Hyperactivity
Pale Normal
um of 0–10) is considered to be the Apgar score. From Silva et al. (2008).
heart rate increased signiﬁcantly after 60 min  compared to
the heart rates at birth and 5 min  after birth (Table 3).
The body temperatures at birth and 5 min  after birth
were signiﬁcantly higher than those that were evalu-
ated 1 h later (Table 3). In contrast, no hypothermia
was observed during the ﬁrst hour of life (38–39 ◦C
temperature-physiologic normothermia for the lamb; Ball
et al., 2010).
At birth, the lambs had a low blood pH, indicating aci-
dosis (Table 4). 1 h after birth, we observed a signiﬁcant
recovery, but the blood acidosis persisted. The bicarbonate
and TCO2 levels remained within the normal ranges at both
time points (considering reference ranges for calves; House
and Gunn, 2009), and there was  no signiﬁcant difference
between the evaluations. The anion gap analysis had a sim-
ilar proﬁle; however, we observed high levels both at birth
and at 1 h after birth. Although the base excess (BE) was
altered at birth, indicating metabolic acidosis for newborn
lambs (Pardi et al., 2004), it was corrected after 1 h of life,
however there were no statistically signiﬁcant differences
between these times (Table 4).
The pCO2 values were high at birth, but they showed
signiﬁcant improvement 1 h after birth (Table 4). Hyper-
capnia indicated that the acidosis was respiratory. When
analyzing the pO2 and sO2 concentrations, we observed
low values for both variables, although signiﬁcant improve-
ment was  observed within 1 h after birth (Table 4).
The average potassium ion (K+) levels indicated hyper-
kalemia for newborn lambs (Pardi et al., 2004) at birth and
normokalemia at 1 h after birth, but no signiﬁcant differ-
ence between these times was  detected (Table 4). However,
hyperchloremia (Cl−) was  observed at both time points,
with a signiﬁcant increase after 1 h of life. The same proﬁle
was observed for the sodium (Na+) levels (i.e., hyperna-
tremia was  detected at birth and after 1 h of life, considering
reference ranges for calves; Lester et al., 2009). Regarding
the determination of the blood calcium (iCa2+), the mean
values were below normal for newborn lambs (Pardi et al.,
2004), and a signiﬁcant reduction was observed 1 h after
birth (Table 4).
The hematocrit, hemoglobin and blood urea nitrogen
(BUN) levels were normal, based on the reference standard
for calves at both time points, and there were no signiﬁcant
differences (Table 4).4. Discussion
Considering data from Canine and Human Neonatology
(Moon et al., 2000; Silva et al., 2008), the lamb Apgar score
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Table  2
Means and standard deviations (X ± SD) of the peri-labor maternal and peri-birth neonatal blood glucose levels (mg/dL).
Maternal (n = 11) Pre-labor Intra-labor Post-labor 1 h after labor Reference value
70.86 ± 24.94a 109.1 ± 46.4b 166.07 ± 28.97c 122.73 ± 36.71b
44–81 (Gardner et al.,
2003)Neonatal (n = 14)
At birth (0 min) 60 min after birth
30.00 ± 10.60a 46.86 ± 21.87a
Different letters (a–c) within the same row differ signiﬁcantly (P < 0.05).
Table 3
Means and standard deviations (X ± SD) of the neonatal (n = 14) Apgar score (0–10), heart rate (bpm), respiratory rate (mpm), and body temperature (◦C)
at  0, 5, and 60 min  after birth.
Minutes after birth
0 5 60
Apgar score 6.17 ± 1.33a 8.5 ± 1.05b 9.86 ± 0.38c
Heart rate 151 ± 47a 155 ± 47a 188 ± 36b
a a aRespiratory rate 66 ± 27
Body temperature 39.92 ± 0.22a
Different letters (a–c) within the same row differ signiﬁcantly (P < 0.05).
indicated low neonatal vitality at birth, with proper recov-
ery just after 5 min. This result indicates that the lambs
were fully capable of adapting to extra-uterine life despite
an initial depression. Given these ﬁndings, it is possible to
deﬁne an ideal Apgar score in lambs as equal to or above
7. Additionally, we can assert that healthy neonatal lambs
reach a suitable Apgar score 5 min  after birth. However,
it is important to note that the Apgar score may  indicate
the existence of an abnormal condition without providing
information regarding its speciﬁc cause. In Human Neona-
tology, a low Apgar score at birth suggests that additional
care is required for that speciﬁc newborn (Hübner and
Juarez, 2002).
The analysis of the degree of neonatal vitality can be
used as a predictor of the maternal–offspring relationship.
A difference in the vitalities of twin lambs can result in the
rejection of the weaker lamb by the mother (Nowak and
Poindron, 2006). Thus, we believe that the determination
of vitality based on the Apgar score can prevent neona-
tal mortality due to maternal neglect, especially in twin
pregnancies. Identifying lambs with low vigor enables the
implementation of corrective measures, such as oxygen
Table 4
Means and standard deviations (X ± SD) of the neonatal blood analysis (n = 7) at 0
Minutes after birth 0 
pH 7.24 ± 0.04*
Bicarbonate (mmol/L) 23.58 ± 3.36 
TCO2 (mmol/L) 25.00 ± 3.36 
Anion gap (mmol/L) 16.00 ± 3.09 
BE  (mmol/L) −3.00 ± 3.36 
pCO2 (mmHg) 56.78 ± 11.21 
pO2 (mmHg) 31.60 ± 11.63*
sO2 (%) 40.60 ± 22.54*
K+ (mmol/L) 5.23 ± 1.53 
Cl− (mmol/L) 109.40 ± 1.87*
Na+ (mmol/L) 146.00 ± 2.70 
Ca2+ (mmol/L) 1.33 ± 0.06*
PCV  (%) 39.50 ± 3.68 
Hb  (g/dL) 13.50 ± 1.21 
BUN  (mg/dL) 14.60 ± 3.54 
* Values within the same row are signiﬁcantly different (P < 0.05).74 ± 23 61 ± 20
39.68 ± 0.41a 39.27 ± 0.48b
and/or glucose supplementation, in order to try to avoid
rejection by the mother.
In situations involving metabolic acidosis and hyper-
capnia during natural birth, it is possible to observe
increases in the respiratory movements and heart rate
(Bessho et al., 1997). In fact, the newborns in this study
exhibited tachypnea and tachycardia during the ﬁrst hour
of life and hypercapnia and respiratory acidosis at birth. The
physiological hypoxia that arises during birth determines
the initial rise in the respiratory rate, which is eventually
followed by transient periods of apnea (Alonso-Spilsbury
et al., 2005). Based on this result, the Apgar score may
be used as an indirect index of the acid–base balance in
newborn sheep despite its low speciﬁcity when evaluating
neonatal vitality (Hübner and Juarez, 2002).
It has been stated that lambs have high metabolic rates
immediately after birth, which may  increase their body
temperatures during this period (Symonds et al., 1995). In
fact, in our study, the body temperature measured through-
out the ﬁrst hour of life was  higher than that of the adult
sheep, although a signiﬁcant reduction was veriﬁed 60 min
after birth. Thus, none of the neonates shivered, which
 and 60 min  after birth.
60 Reference values
7.33 ± 0.04* 7.35–7.45 (Bessho et al., 1997)
23.88 ± 2.17 22–28 (House and Gunn, 2009)
24.42 ± 1.98 23–27 (House and Gunn, 2009)
15.50 ± 0.77 <12 (Lester et al., 2009)
−1.57 ± 2.63 −2 to +2 (Pardi et al., 2004)
45.22 ± 4.77 35–45 (Bessho et al., 1997)
46.00 ± 11.08* 80–100 (Bessho et al., 1997)
69.60 ± 16.39* >95% (Bessho et al., 1997)
4.20 ± 0.61 3.5–5.0 (Pardi et al., 2004)
113.80 ± 1.67* 96–106 (Lester et al., 2009)
147.57 ± 1.51 135–145 (Lester et al., 2009)
1.30 ± 0.04* 2.2–2.7 (Pardi et al., 2004)
37.83 ± 4.91 27–45 (Lester et al., 2009)
12.88 ± 1.67 9–15 (Lester et al., 2009)
16.20 ± 3.23 10–26 (Lester et al., 2009)
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s thought to enhance muscular activity and, thus, main-
ain homeothermy. Bird et al. (2001) demonstrated that,
uring the ﬁrst month of life, ovine neonates have higher
ody temperatures than adults. Ovine neonates promote
hermogenesis via brown adipose oxidation and muscular
hivering only when the oxidative activity is at a maximum
Clarke et al., 1997a). Despite the lack of an artiﬁcial tem-
erature control in the lambing area, the adequate body
emperatures of the neonates were veriﬁed. Compared to
ther species, such as calves or puppies, newborn lambs
an control their own body temperatures during the ﬁrst
our after birth.
Nowak and Poindron (2006) stated that an adequate
nergy reserve is extremely important for neonatal survival
nd resistance to adverse weather conditions. In this study,
ypoglycemia was diagnosed immediately after birth. The
rastic reduction in fetal circulation as a consequence of
abor, which is associated with rapid hepatic glycogen
epletion and inefﬁcient glucose homeostasis, explains
hese ﬁndings. Moreover, we could not ﬁnd any relation-
hip between maternal and neonatal blood glucose. Indeed,
wes presented intra-labor and post-labor hyperglycemia
oncomitantly to neonatal hypoglycemia. Surprisingly, the
evere neonatal hypoglycemia at birth did not negatively
ffect the lamb’s body temperature, which could lead to
ritical hypoglycemia/hypothermia. These results suggest
hat the ovine newborn has two different mechanisms
or regulating its temperature and metabolic homeostasis.
egarding metabolic adaptation, we found that the period
etween 5 and 60 min  is required for lambs to achieve
ormoglycaemia assuming normal suckling and a normal
olostrum intake.
In the analysis of the blood pH, we observed that the
ambs had acidosis at birth due to metabolic (reduction of
E) and respiratory (increased pCO2) causes. Of the reasons
hat have been described to cause metabolic acidosis, the
levation of lactic acid levels during muscular glycogenol-
sis and hypoxia due to respiratory failure are the main
actors. In fact, the lambs exhibited lower pO2 and sO2
alues, suggesting reduced oxygen exchange at the pla-
ental interface during delivery or between the alveoli and
ulmonary capillaries soon after birth. The constant and
ntense uterine contractions that are necessary for fetal
xpulsion lead to decreased placental circulation and, thus,
esult in a reduction in the blood supply to the fetus and
eonatal hypoxia. Furthermore, the presence of pulmonary
mniotic ﬂuid in the ﬁrst minutes of life prevents efﬁcient
as exchange and maintains hypoxia soon after birth.
Normal levels of bicarbonate and TCO2 at birth indicate
hat excess carbon dioxide is buffered by the formation
f carbonic acid. Furthermore, the increased anion gap
uggests the formation of other anions, such as lactate,
cetoacetate, and butiran, which are typical of anaerobic
rocesses. During severe pulmonary hypoxia, lactic acid
roduction is increased and should be buffered by the
icarbonate in the plasma. As a consequence, increased
icarbonate consumption leads to mixed acidosis. In addi-
ion, during ketoacidosis, the potassium level is elevated,
eading to the hyperkalemia that occurs during acidosis.
n this study, the lambs exhibited high levels of potassium
n addition to acidosis at birth, conﬁrming the presence ofesearch 108 (2012) 107– 112 111
such physiological metabolic imbalance. The joint analy-
sis of the bicarbonate levels and the anion gap conﬁrmed
the diagnosis of mixed acidosis, indicating physiological
metabolic impairments due to anaerobic and respiratory
hypoxia. The hyperchloremia observed at birth can also be
used as an indicator of metabolic acidosis at this time point.
The acid–base balance inﬂuences the amounts of protein-
bound and ionized calcium. Acidosis promotes an increase
in ionized calcium and a decrease in protein-bound cal-
cium (Manning, 2001). Interestingly, these results were not
observed in this study. In contrast, the calcium levels were
below normal at both time points, reﬂecting hypocalcemia
at birth. We  believe that these results are associated with
the physiology of the neonatal period because there were
no changes in either neuronal or muscular activity.
During respiratory acidosis, the persistent increase in
the partial pressure of CO2 affects the kidneys, and the
increased renal reabsorption of bicarbonate is the major
mechanism of renal compensation during hypercapnic
acidosis. Compensated respiratory acidosis will produce
normal or close-to-normal pH values and an elevated pCO2.
During metabolic acidosis, the compensation must occur by
alveolar hyperventilation secondary to increased H+ ions in
the plasma, leading to a decrease in the pCO2. In fact, after
1 h of life, the newborns remained in a moderate state of
acidosis (pH slightly below normal), but it no longer had a
metabolic origin (bicarbonate, BE, and normal potassium).
Although it is impossible to conﬁrm a respiratory cause for
the acidosis, the pCO2 values at the upper limit of normality
suggest that respiratory failure is still being resolved at this
stage. Apparently, hypoxia (low pO2 and sO2) is still present
in addition to hyperchloremia and an increase in the anion
gap. Newborns have several innate mechanisms to over-
come the negative effects of acidosis and hypoxia. Given
their hypoxemia at birth, lambs immediately exhibit tachy-
cardia and tachypnea. Hyperventilation helps to remove
the excess CO2 and promotes increased pO2 and O2 satura-
tion. The compensatory changes in the heart rate and res-
piratory rate are considered to be crucial for regulating the
neonatal acid–base balance (Alonso-Spilsbury et al., 2005).
Regarding the blood analysis, there was  an adequate
hemoglobin concentration and a sufﬁcient percentage of
red blood cells at both assessment times, demonstrating
a similarity between the neonatal and adult parameters.
Moreover, both neonatal and fetal hemoglobin have strong
afﬁnities for oxygen due to the long-term hypoxia in utero
(Carlson, 2009). Therefore, in this study, we believe that this
phenomenon contributes to the signiﬁcant increases in pO2
and sO2 1 h after birth compared to the values observed at
birth.
Using a single biochemical predictor for the assessing of
neonatal asphyxia is considered to be inaccurate. Although
the analysis of blood pH is a good indicator of acidosis, it
cannot be considered to be a reliable predictor of neona-
tal asphyxia (Alonso-Spilsbury et al., 2005). Therefore, we
suggest that a systematic clinical examination of new-
born sheep include the implementation of the Apgar score
(with an emphasis on cardio-pulmonary auscultation) cou-
pled with the conﬁrmation of any acid–base imbalances
(evaluated by measuring the arterial blood gases during
the ﬁrst hour of life).
minant 112 C.I. Vannucchi et al. / Small Ru
Compared to other animal species, ovine and other
livestock species neonates are relatively mature at birth,
with adequate thermoregulation and active mechanisms to
compensate for physiological acid–base imbalances. How-
ever, investigating the substantial energy imbalance at
birth is necessary to identify the physiological mechanisms
of the metabolic pathways that function during birth and
during the ﬁrst hour of life in lambs. Further research
should evaluate neonatal adaptation to this critical period
over a longer period of time. Despite the physiological
development that occurs during the ﬁrst 60 min  after birth,
the newborn is still vulnerable to all of the existing envi-
ronmental variables.
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